Abstract. Mechanisms which may act as secondary processes in the streamer breakdown of isotropic gases and air are considered. In the case of air it is shown that mechanisms connected with the collisions of excited oxygen molecules with groundstate nitrogen and oxygen molecules play the primary role.
A theory of the streamer breakdown of gases which was developed by Loeb and Meek (1941) and by Raether (1964) considers photoionization of the gas as the secondary mechanism. Indeed, since numerous experiments, for example those of Wagner (1964) , have shown that it is scarcely possible for cathode processes to play any role in this case, the movement of the streamer to the cathode at a speed of 108-109 cm s-1 can only be due to photoionization of the gas.
Possible mechanisms for the production of photons with an energy higher than that of ionization in the case of isotropic gases are the following : recombination, bremsstrahlung, ion excitation and atom ionization with simultaneous excitation of the residue. Needless to say the last two mechanisms do not apply to hydrogen. None of these mechanisms, however, can be considered as secondary processes for the following reasons :
(i) Since complete breakdown occurs in a time of about 10-8 s, the time for such photons to appear must not exceed 10-8 s. Estimates show, however, that even for recombination, which is the most effective of all the four processes, a time several orders higher than this is required for the production of photons.
(ii) The absorption coefficient for photons with an energy slightly exceeding the ionization energy is about 103 cm-1 for most gases, both theoretically (Heitler 1954) and experimentally (Bates 1962 ). For such a value of the absorption coefficient the ionizing radiation will not escape from the neighbourhood of the electron avalanche, and the secondary electrons produced will not therefore be effective.
There is no doubt that these processes could not have produced the photons in the experiments carried out by Raether (1938) , in which the radiation propagated over a distance of more than 10 cm.
It should also be noted that such processes as step-by-step ionization of atoms and the dissociation of negative ions produced in the path of the first avalanche are of no importance as secondary mechanisms, firstly because they have a low probability and secondly because they will eventually exhaust themselves. Indeed, in the experiments of Raether (1938) electrons were produced in the middle of the gap, and then moved to the anode. Hence there were only ground-state atoms in that half of the gap adjacent to the cathode. Nevertheless the streamer propagated through this space to the cathode.
It may be concluded from the above discussion that in the mechanism of secondary processes photons with energies lower than the ionization energy must be present.
In a previous work (Lozansky 1968) the author described the following mechanism of secondary processes in helium. The resonance radiation in He, emitted in the transition from 3 lP and higher levels to the ground state on the wings of the spectral line, may be absorbed for the first time at a large distance from the avalanche head. The excited He atoms produced in the absorption of such photons form secondary electrons on colliding with He ground-state atoms, the reaction being He* + He-+Hez+ + e.
(1) 137 According to the experimental results obtained by Kaul et al. (1963) the cross section for this reaction has a value of about 10-15 cm2, i.e. the characteristic time of production of secondary electrons at atmospheric pressure is about 10-9 s. Estimates made by the author (Losansky 1968) show that at about 1 cm from the avalanche head an average of 10 secondary electrons is produced in a unit of solid angle. This number of electrons is sufficient to self-sustain a gas discharge. The mechanism proposed eliminates the contradiction between the theoretical (Heitler 1954 ) and experimental (Bates 1962) values of the absorption coefficient and the experimental values obtained by Raether (1938) , Cravath (1935) and others.
Assuming that the absorption law for ionizing radiation is exponential, Raether obtained the following values for the absorption coefficient at atmospheric pressure: 0.8 cm-1 for Hz, 2 cm-1 for air and 5 cm-l for OZ. These values are leSs than the theoretical values and those obtained from other experiments by 2-3 orders of magnitude. There is no such a contradiction if one assumes the secondary mechanism to be reaction (1).
The absorption coefficient K for resonance photons is given by (Heitler 1954) where K O is the absorption coefficient at the centre of the line, is the width of the line, w is the frequency of the photons and W O is the frequency of the photons at the centre of the line. Hence K will be of order unity for photons such that W O < w < w1, where w1 is the frequency of the next resonance line. The values of the cross sections for reactions similar to that of equation (1) are also about 10-15 cm2 for the other noble gases, as is seen from experiments (see Smirnov 1965) , and therefore an analogous mechanism seems to occur.
For diatomic gases, reactions of the type
may occur. The following condition has to be satisfied for reaction (1) to occur:
where Esz* is the excitation energy of An, EA^^ is the ionization energy of A2 and EA^+^ is the dissociation energy for the reaction A~+ + A~+ + A z . Since all compounds of type A4f have a positive dissociation energy due to polarization interaction between AZ and A2+, there is always an excitation level with an energy satisfying condition (4). In hydrogen the reaction Hz* + Hz+H3++ H + e may also occur. Loeb and Meek (1941) proposed a mechanism according to which photons produced by the radiation of highly-excited nitrogen molecules ionize oxygen. Such ionization may in fact occur, but would seem unable to act as the secondary mechanism because of the large value of the absorption coefficient. What has been said above about recombination and bremsstrahlung photons is also true of the photons produced in this case. The only way to produce such ionization is to increase the value of the first Townsend coefficient of ionization. After analysing the composition of air and the excitation and ionization potentials of its components, the conclusion may be drawn that processes of type (3) involving oxygen are the most probable secondary mechanisms since it is necessary that the excitation levels of the gas responsible for the secondary mechanism (i) have energies sufficient for reactions of type (3) to proceed and (ii) are lower than the ionization potential of oxygen, since otherwise the photons corresponding to these levels may be absorbed by the oxygen in the avalanche. Oxygen thus seems to be the required gas. 
